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The aim of the study is to determine the physical, chemical, structural and thermal proper-

ties  of the pectins obtained from melon rinds, kiwifruit and pomeganate peels and compared

with  the pectins obtained from apple and orange peel used in the commercial pectin pro-

duction process. Pectins extractions from these wastes were performed with citric acid, at

80 ◦C and 60 min. All pectins, extracted, were found to be high methoxyl pectines. The water

holding capacity of the melon rind, kiwifruit and pomegranate peels pectins were lower than

the  orange and apple peel pectins while the thermal stability of the kiwifruit peel pectin was

close to the apple and orange peel pectins. The morphological structures of the extracted

pectins showed that they had micro-fractures and hollow openings. The crystallinity of the

melon  rinds, kiwifruit and pomegranate peel pectins were smilar to orange peel pectin. The

result  of this study showed that the kiwifruit peel had advantages in terms of commercial

pectin production due to its high pectin yield, water holding capacity, esterification degree
Pectin and thermal stability.

© 2019 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

Food waste refers to discarded or lost of the uneaten part of the food
1.  Introduction

Pectin is a component of the cell wall of plant that imparts flexibil-

ity and mechanical strength to plants by interacting with other cell

wall elements (Rosenbohm et al., 2003) and it is composed of back-

bone of �-galacturonic acid residues that are partly esterified with

methyl or acetyl ester groups with a small proportion of l-rhamnose

units (Wang et al., 2016). It is widely used as thickening, texturizing,

emulsifying, stabilizing and gelling agents in food, cosmetic and phar-

maceutical industries (Liu et al., 2006). It has various biological activities

such as healing wound (Hokputsa et al., 2004), reducing lipase activity

(Edashige et al., 2008), inhibiting growth of human cancer cell, induc-

ing cell apoptosis (Jackson et al., 2007) and decreasing cholesterol level

(Yamada, 1996).

Pectins are classified as low and high esterification grade pectin,

according the amount of methanol-esterified galacturonic acid con-

tent. High methoxyl pectins are methylated more than 50% of the

carboxyl groups and low methoxyl pectins are less methylated (Sharma

et al., 2006). The gel-forming properties of aqueous solutions of pectins
with acid and sugar vary according to the esterification degree. As the
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esterification degree increases, the amount of sugar and pH required

for gelation increases and the time required for gelation decreases

(Saldamli, 2005).

Commercially, apple pomace, citrus peels, sunflower head and

sugar beet pulps are used for the pectin productions (Ranganna, 2008)

and the properties of the pectin varies according to the source that

is isolated from. Apple pectin produces a harder and more viscous

gel, which is suitable for the bakery products, while citrus pectins are

preferred for the candy and jellies because they have light-color (May,

1990). Although pectin is widely found in plant tissues, the production

of it from every source is not feasible due to the production cost or the

properties of the pectin (Cemeroğlu  and Acar, 1986). There have been

various studies on the extraction of pectin from different plant sources

such as passion fruit peel, banana peel (Oliveira et al., 2016)  and cacao

peel (Sarah et al., 2018), but finding other alternative sources are nec-

essary that can compete with the production cost and properties of the

commercial pectin if the resulting product is going to be used in food

application.
anpasa University, Tasliciftlik, 60250 Tokat, Turkey.

that can be occurred entire food supply chain. It is estimated as around
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.6 billion tonnes per year, and fruits and vegetables have the highest

astage rates among the food waste (FAO, 2016). In this study, melon

inds, kiwifruit, apple, pomegranate and orange peels, widely culti-

ated in Turkey were evaluated for the pectin production. In Turkey, the

mount of kiwifruit, melon, apple, pomegranate and orange production

n 2017 were 56,164 tons, 1,813,422 tons, 3032 164 tons, 502,606 tons and

950,000 tons, respectively (TUIK, 2018), and in 2016, Turkey ranked 2nd

nd 4th in the world melon and apple production, respectively (FAO,

017). While some of the agricultural and industrial wastes can be used

s animal feed or fertilizer (Ashoush and Gadallah, 2011), wastes such

s kernels, roots, peels and leaves are mostly discarded, which is a seri-

us problem in the food and agriculture sector. For this reason, studies

re needed to convert these wastes into high value-added products,

uch as pectins, to be used in industry.

Pectin is generally extracted with acidified hot water. For the acid-

fication of water, the use of mineral acid can cause corrosion of the

quipment as well as can be harmful to the environment (Hosseini

t al., 2016). Instead of mineral acid, the use of organic acid is a more

roper approach, environmentally, and due to the low dissociation

apacity, it causes less depolymerisation of the pectin (Oliveira et al.,

016). The aim of this study is to determinate the pectin production

apacity of melon rinds, kiwifruit, apple, pomegranate and orange peels

ith citric acid extraction, examine the physical, chemical, structural

nd thermal properties and compare properties of the extracted pectins

o orange and apple peel pectins.

.  Materials  and  methods

.1.  Material

he kiwifruit, melon, apple, pomegranate and orange were
btained from local markets. Fresh fruits were peeled, and
eels and rinds were dried (48 h, 60 ◦C), ground (Bosch MKM
00, Germany) and stored at 4 ◦C.

.2.  Extraction  of  pectin

ectin extraction was performed with the modification of the
ethod provided by Kliemann et al. (2009). Citric acid solution

pH 1) (100 mL)  was mixed with 10 g of peels and extractions
ere carried out (80 ◦C, 60 min) in shaking water bath. After

he extraction, the extracts were filtered and cooled to 4 ◦C,
nd extracted pectins were precipitated with 96% ethanol,
eparated by filtration, and washed with 20 mL  of 70% acidic
thanol (contain 0.5% HCl), 20 mL  of 70% (two times) and 20 mL
f 96% ethanol. The isolated pectin was dried at 50 ◦C for 24 h
nd stored at 4 ◦C.

.3.  Moisture,  ash,  liquid  holding  capacity  and
olubility  of  pectins

oisture and ash contents of dried pectins were deter-
ined gravimetrically (AOAC, 1989). For the solubility test,

50 mg  pectin and 5 mL  sodium hydroxide (1 M)/methanol
96%)/acetone were mixed for 2 min  and their solubility was

onitored (Halib et al., 2012). For the determination of the
iquid holding capacity (LHC), pectins (1 g) were mixed with
ater/acetone/dimethyl sulphoxide/ acetic acid (40 g), allowed

o stand for 2 h and centrifuged at 3500 rpm for 30 min  and
eighed, and LHC calculated by the following equation (Tappi,

991).

HC(%) = (B − A)/A × 100 (1)
LHC: liquid holding capacity, A: the dry weight of pectin (g),
: the wet  weight of pectin (g).
2.4.  Esterification,  amidation  and  galacturonic  acid
contents  of  pectins

The esterification, amidation and galacturonic acid contents
of pectins were determined (FAO JECFA, 2009). Pectins (5 g)
were mixed with 60% ethyl alcohol (100 mL)  and 2.7 M HCl
(5 mL)  solutions, filtered, washed with the same alcohol-acid
solution (6 times, 15 mL)  and ethanol (96%, 20 mL)  and dried at
105 ◦C. Ethanol (2 mL)  and water (100 mL)  were added to 1/10
of the dried sample and the mixture was titrated against 0.1 M
of NaOH. The spent volume of the titration was recorded as
V1. NaOH (0.5 M, 20 mL)  and HCl (0.5 M, 20 mL)  were added to
the solution and the mixture was titrated against 0.1 M NaOH.
The spent volume of the titration was recorded as V2. NaOH
(10%, 20 mL)  was added to the solution, the mixture was dis-
tilled and titrated against 0.1 M of NaOH and the spent volume
of the titration was recorded as S1. For the blank determi-
nation, HCl (0.1 M, 20 mL)  was titrated against 0.1 M of NaOH
and spent volume was recorded as B1 and the B1-S1 differ-
ence (mL) was recorded as V3. Dried samples (1/10 of the
dried sample weight) were mixed with ethanol (2 mL), dis-
solved in NaOH (0.125 M, 25 mL)  for saponification and filled
with distilled water to 50 mL.  This solution was mixed with of
Clark’s solution (20 mL)  and distilled. The distillate was titrated
against 0.05 M NaOH and volume was recorded as S2. Water
(20 mL)  was used for the blank determination, titrated and vol-
ume  of NaOH (mL) was recorded as B2 and S2-B2 difference
(mL) was recorded as V4. The ratio of the esterification, ami-
dation and total galacturonic acid were calculated according
equations below (FAO JECFA, 2009). The results were calcu-
lated by taking the average of at 3 replications and expressed
as mean ± standard deviation.

DE%(w/w) = [V2/(V1 + V2)] × 100 (2)

DA%(w/w) = [V3/(V1 + V2 + V3 − V4)] × 100 (3)

GA(mg) = (V1 + V2 + V3 − V4) × 19.41 (4)

DE: esterification degree, DA: the degree of amidation, GA:
the amount of galacturonic acid.

2.5.  Fourier  transform  infrared  (FTIR)  spectroscopy

FTIR analysis of pectins (prepared as KBr pellets) was per-
formed on Jasco FT/IR-430 spectrophotometer (Japan). The
esterification degree (DE) of the samples were calculated by
determining the peak area values of the free carboxyl groups
(1630 cm−1) and the esterified groups (1740 cm−1) by following
equation (Pappas et al., 2004).

DE = 124.7 × R + 2.2013 (5)

R = A1740/(A1740 + A1630) × 100 (6)

DE: esterification degree, A1740 and A1630: the absorbance
densities at 1740 cm−1 and 1630 cm−1, respectively.

2.6.  Thermogravimetric  analysis  (TG–DTA)

PRIS Diamond TG/DTA thermal analyser (USA) was used for
the determination of thermal properties of the pectins. In a

nitrogen atmosphere, the pectins were heated from 20 ◦C to
650 ◦C in the rate of 10 ◦C/min.
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Table 1 – Chemical and physicochemical properties of pectins.

KP MP PP AP OP

Pectin yield (% w/w) 8.03 ± 0.09b 6.54 ± 0.02b 6.13 ± 0.26b 13.30 ± 0.18a 11.46 ± 0.14a

Moisture (% w/w) 12.06 ± 0.09a 14.81 ± 0.54a 10.31 ± 0.15ab 4.67 ± 3.71b 10.18 ± 1.14ab

Ash (% w/w) 1.14 ± 0.01a 1.35 ± 0.20a 1.15 ± 0.02a 1.08 ± 0.06a 1.19 ± 0.06a

LHC

Water (% w/w) 268.76 ± 4.83c 161.63 ± 2.30e 235.25 ± 1.82d 454.10 ± 0.46b 491.32 ± 1.07a

Acetone (% w/w) 62.05 ± 1.49b 54.13 ± 2.40c 82.04 ± 1.74a 85.55 ± 0.61a 65.11 ± 2.20b

DMSO (% w/w) 200.60 ± 2.24e 217.40 ± 2.64d 276.72 ± 1.94c 384.56 ± 0.79b 419.39 ± 1.93a

Acetic acid (%, w/w) 176.01 ± 7.32c 154.09 ± 0.23d 192.06 ± 1.52b 261.47 ± 3.18a 151.95 ± 1.42d

Esterification (%) 84.72 ± 1.60a 71.98 ± 3.74b 56.74 ± 1.95c 77.62 ± 0.67ab 69.67 ± 3.35b

Amidation (%) 0.79 ± 0.19b 0.77 ± 0.01b 3.75 ± 0.07a 0.96 ± 0.03b 0.65 ± 0.02b

Galacturonic acid (%) 94.75 ± 1.06a 92.97 ± 1.37a 78.48 ± 1.60b 79.78 ± 1.37b 76.32 ± 1.68b

Solubility
1  M NaOH + + + + +
Methanol − – – – –
Acetone – – – – –

Pectin from melon rind (MP), kiwifruit (KP); pomegranate (PP), apple (AP) and orange (OP) peels. Liquid holding capacity (LHC); dimethyl sulfoxide
(DMSO); insoluble (−), soluble (+).
a,b,c,d,eMeans followed by different letters within the same line represent significant differences (p < 0.05). Data are the average of triplicates.
2.7.  Scanning  electron  microscope  (SEM)  analysis

Scanning electron microscope (QUANTA 450 Field Emission
Gun-FEG, SEM High Resolution Scanning Electron Microscope,
USA) was used for the examination of the structural and
morphological characteristics of the pectins. Different mag-
nification images (×2000, ×1000 and ×500) were recorded.

2.8.  X-ray  diffraction  (XRD)  analysis

X-ray diffraction (XRD) analysis of pectins was performed
with Panalytical Empyrean High Performance Diffractometer
(Netherlands). The pectins were analysed in Cu X-ray tube
device with Ni filter between 2� = 10–50◦ at 5◦/min.

2.9.  Statistical  analysis

SPSS statistical program (SPSS, Inc., Chicago, IL, USA) was
used, variance analysis of the results (ANOVA) was performed
and the differences between the groups were assessed statis-
tically at a 95% confidence interval by the Duncan multiple
comparison test.

3.  Results  and  discussion

3.1.  Physicochemical  properties

The pectin yields of the melon rinds (MP), kiwifruit (KP),
pomegranate (PP), apple (AP) and orange (OP) peels were deter-
mined as 8.03%, 6.54%, 6.13%, 13.30% and 11.46%, respectively
(Table 1). Among them, the highest pectin yield was obtained
from the apple peel followed by the orange peel, kiwifruit peel,
melon rind and pomegranate peel. In the previous studies,
it was found that the pectin yields were between 3.62 and
4.48% for kiwifruit pomace (Yuliarti et al., 2015a), 11.46 and
22.09% for citrus (lemon, mandarin, orange and grapefruit)
peels (Güzel and Akpınar, 2017), 2.8% and 8.8% for banana
and mango peels, respectively (Panchami and Gunasekaran,
2017), 1.99 and 2.86% for quince (Açıkgöz and Poyraz, 2006) and
4.7% for cocoa husks (Mollea et al., 2008). Pectin yields of all
the peels investigated in this study were higher than kiwifruit

pomace, banana peels, quince and cocoa husks reported in the
literature, and they could be used for the production of pectin.
The moisture contents of the pectins were varied from
4.67% to 14.81% and their ash contents were between 1.08%
and 1.35% (Table 1). Previous studies showed that the ash con-
tent of pectins varied according to the plant materials and
the extraction methods. It was reported that the ash contents
were determined as 1.05–12.87% for kiwifruit pectins (Yuliarti
et al., 2015a, b), 1.84% for apple pomace pectin (Johar et al.,
1960), 0.50% for mandarin peel pectin (Pruthi et al., 1961) and
for 0.70% lemon pectin (Dang, 1968). Since low ash content is
an important criterion for the purity of pectin (Miyamoto and
Chang, 1992), according to these results, it can be stated that
the pectins obtained in this study have high purity.

Liquid holding capacities of the extracted pectins were pre-
sented in Table 1. A polymer, which has a high liquid holding
capacity, has the function of increasing the volume of the
food while decreasing the calorie content of it. It also directly
affects the texture and viscosity of the food. Therefore the
liquid holding capacity of the material is important both phys-
iologically and technologically for food (Rodriguez et al., 2006).
The water and dimethyl sulfoxide holding capacities of all
the pectins were found to be higher than their acetic acid
and acetone holding capacities. Among them, AP and OP had
higher water holding capacities than other pectins. In the lit-
erature studies, the water holding capacities of the pectins
were reported as 34–187% (w/w) for olive oil byproducts, 1035%
(w/w) for commercial citrus pectin and 200% (w/w)  for com-
mercial apple pectin (Senent et al., 2015). It was found that,
except MP, all the extracted pectins had higher water holding
capacities than the olive oil byproducts and the apple pomace
pectins, while lower than the commercial citrus peel pectin.

The solubilities of pectins in different solvents were pre-
sented in Table 1. All the pectins were soluble in NaOH (1 M),
but not soluble in methanol and acetone. The previous study
about the orange peel pectin (Tyagi, 2016) reported the insol-
ubility of the pectin in methanol and acetone, as in our study.
The studies investigating the solubility of pectins from lemon,
grapefruit and orange peels (Aina et al., 2012) were reported
that all the pectins formed yellow solutions in cold alkaline
(20 ◦C, 0.1 N NaOH), and dissolved and turned into milky struc-
tures in hot alkaline (85–95 ◦C, 0.1 N NaOH).

The esterification degrees of the pectins were ranged from
56.74 to 84.72%, so all the isolated pectins were high methoxyl
pectins and the esterification degree of KP was the high-

est among them (Table 1). In the previous studies, it was
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ound that the maturation degree of the fruits and extraction
ethods affected the esterification degree of pectins (Azad

t al., 2014; Yuliarti et al., 2015b) and the esterification degrees
ere reported as 82% and 90% for kiwifruit pectins (Yuliarti

t al., 2015b), 63% and 75% for orange peel pectins (Georgiev
t al., 2012; Venzon et al., 2015), 55.61% for lemon peel pectin
Georgiev et al., 2012) and 56.56–57.54% for grapefruit peel
ectins (Mohamed and Mohamed, 2015). The esterification
egrees of all the pectins extracted in this study were con-
istent with the literature studies.

The amidation degrees of KP, MP, OP and AP, which were
mportant for the elasticity and gelling for the low methoxy-

ated pectins (Lootens et al., 2003), were found to be similar to
ach other and PP had the highest amidation degree. Galac-
turonic acid contents of pectins ranged 78.48% and 94.75%
and among them KP had the highest galacturonic acid con-
tent (Table 1). When the results were compared to the previous
studies, it was found that the amidation degrees of KP,  MP, AP
and OP were lower than the pectins from orange (2.20%) and
lemon peels (1.44%) (Georgiev et al., 2012), but galacturonic
acid of all pectins extracted were higher than the that of gold
kiwifruit pectin (28.96%–58.57%) (Yuliarti et al., 2015a).

3.2.  FT-IR  analysis

In Fig. 1, FT-IR spectra of all the extracted pectins were pre-

sented. Non-associate OH peaks in their spectra were observed
at 3600–3400 cm−1. These are characteristic peaks for the poly-
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Table 2 – Thermal degradation measurement of pectins.

TGA T%50 (◦C) DTGmax (◦C) Mass Loss (650 ◦C) (%)

KP 280 234 80
MP 226 210 86
PP 255 240 88
AP 306 249 80
OP 319 236 80

Pectin from melon rind (MP), kiwifruit (KP); pomegranate (PP), apple
(AP) and orange (OP) peels.
hydroxy compounds, and they indicate the presence of a large
number of OH groups. The absorbance at about 2900 cm−1

belongs to the CH, CH2, and CH3 stretches of galacturonic
acid methyl esters. The peak at 1740 cm−1 is the C O stretch
observed in the ester and derived from acetyl (COCH3) group.
The peak at 1630 cm−1 is related to the OH tensile vibration
band, and the bands at 1380–1445 cm−1 indicate the presence
of CH3 groups. The bands at 1015–1100 cm−1 belong to C O
bending or stretching (Fig. 1) (Ferreira et al., 2001; Nesic et al.,
2011; Fajardo et al., 2012). It was observed that the FT-IR spec-
tra of all the pectins had characteristic pectin peaks and KP,
MP and PP spectra were similar to the AP and OP spectra that
are also used commercially. Based on the areas of the peaks at
1740 cm−1 and 1630 cm−1 of the FT-IR spectra of all the pectins,
their esterification degrees were calculated and presented in
Fig. 1. It was found that all pectins had high esterification
degrees (DE > 50), and the results were found to be compatible
with the results of the titration method (Table 1).

3.3.  Thermal  analysis

In the thermal analysis of pectins, the decreases in pectins
mass against temperature were determined and the results
were given in Fig. 2. It was observed that the thermogravimet-
ric curves of all the pectins were similar to each other, and
they had three regions (50–190 ◦C, 190–400 ◦C and 400–650 ◦C)
that also reported in other studies (Combo et al., 2013; Wang
et al., 2016). A slow weight loss occurred due to the evapo-
ration of water in the first region (50–190 ◦C). In the second
region (190–400 ◦C), a quick weight loss (5̃0%) occurred due to
the decomposition of the polysaccharide. In the third region
(400–650 ◦C), slow weight loss was observed due to the decom-
position of the char (Wang et al., 2016).

The DTGmax, at which the decomposition rate was maxi-
mum temperature, was determined as ranged from 210 ◦C to
249 ◦C for all the pectins. The DTGmax of PP was higher than OP,
but lower than AP. It was determined that T%50, a temperature
of 50% of the mass lost, was determined to range from 226 ◦C

to 319 ◦C T%50 of KP, PP and MP  were lower than the AP (306 ◦C)
and OP (319 ◦C). The total mass loss at 650 ◦C was ranged from
80% to 88% (Table 2). Pectin with high thermal stability is pre-
ferred in food industry due to the suitability of the use as an
additive in high temperature treated food products such as
cakes, breads and pastries (Combo et al., 2013). Among the
pectins studied, MP had the lowest thermal stability while OP
and AP showed the highest thermal stabilities, followed by
KP. The results showed that pectins obtained from different
sources can have different thermal properties and stabilities.

3.4.  SEM  analysis

The surface morphologies of the pectins were examined by
scanning electron microscope (SEM) at different magnifica-
tion degress and the images were presented in Fig. 3. The
roughness difference between the pectin surfaces had been
detected. When the images were examined, it was observed
that the morphological structures of pectins had some micro-
fractures and hollow openings and these micro-fractures and
hollow openings of AP and OP were similar to each other but
less than those of other pectins.

3.5.  XRD  analysis

XRD (X-ray diffraction) diffractograms of the pectins were pre-
sented in Fig. 4 and provided information about the structure
of the polymers. In XRD (X-ray diffraction) diffractograms, the
crystalline material shows the series of sharp peaks, while

amorphous product produces a broad background pattern
(Combo et al., 2013). In the previous studies, it has been
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Fig. 3 – SEM of KP (a); MP  (b), AP (c), OP (d) and PP (e); 2000× (1), 1000× (2) and 500× (3) magnification.

r
d
a
2
a
d
e
a
e
o

degrees and water holding capacities. Among them kiwifruit
eported that pectin has characteristic peaks in the X-ray
iffractogram associated with the pure pectin crystallinity
t 13.56◦, 22.56◦ (Sharma and Ahuja, 2011), 9◦, 12.7◦, 18.42◦,
8.22◦, 40.14◦ (Mishra et al., 2008), 12.72◦, 16.30◦, 18.45◦, 25.32◦

nd 40.14◦ (2�) (Nisar et al., 2018). The sharper and narrower
iffraction peaks show the crystallinity of pectin (Khodzhaeva
t al., 2003; Kumar and Chauhan, 2010). It was observed that
ll pectins had similar peaks to the peaks reported in the lit-
rature and showed amorphous nature. Among them it was

bserved that AP had sharp and narrow diffraction peaks, and
the other pectins showed the similar crystalline structures to
the OP that was used also as commercial pectin.

4.  Conclusion

This study showed that the kiwifruit peel, pomegranate peels
and melon rind could be used for the pectin production like
orange and apple peel. All the pectins had high esterification
peel has advantages in terms of commercial pectin production
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Fig. 4 – X-ray diffractogram of KP (a); MP  (b), AP (c), OP (d) and PP (e).

ity.
due to its high pectin content, water holding capacity, esteri-
fication degree and thermal stability, so it has a potential for
the commercial pectin production that can be used in the food
industry.
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